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1 Introduction

In RAN1#82bis, the following were agreed for PUCCH transmissions from Rel-13 low cost UEs.
Agreement:

· PUCCH resource determination for PUCCH under repetitions 

· The same PUCCH resources are used within each subframe of a PUCCH repetition within a narrowband

· In case of hopping, FFS how to determine the subsequent narrowband and the resource index for the subsequent narrowband

· For LC UEs and UEs operating CE, PUCCH formats 1/1a/2/2a are supported, and the PUCCH resource is derived the same way as in LTE Rel-12, except the following:

· The detailed implicit resource derivation for PUCCH format 1a is FFS

· FFS ARO for large CE
· FFS PUCCH format 1a under large CE

· FFS the association of the PUCCH formats with the CE mode

This contribution considers HARQ-ACK transmission aspects using PUCCH Format 1a.
2 Resource Determination
For SPS HARQ-ACK, SR, and P-CSI, an eNB can configure respective PUCCH resources by UE-specific RRC signaling as for Rel-12 UEs. Despite the different hopping patterns between Rel-13 low cost UEs and Rel-12 UEs, PUCCH resources can be shared, at least in case of Mode A operation in order to avoid near-far effects [1], and the eNB can ensure that collisions are avoided. 
For dynamic HARQ-ACK and Mode A operation for MPDCCH/PDSCH, the PUCCH Format 1a resource can be determined as for scheduling by EPDCCH. This is preferable because PUCCH Format 1a transmissions from Rel-12 UEs and from Rel-13 low cost UEs can be CDMed in the same PRB pair, and because it is possible to have a larger number of Rel-13 low cost UEs transmitting a first repetition of a PUCCH Format 1a in a same subframe than the number of resources for PUCCH Format 1a in a PRB pair. If the eNB chooses to share PUCCH resources between Rel-13 low cost UEs and Rel-12 UEs, it is up to the eNB to avoid collisions. This can be done through restrictions in (E)CCEs used for Rel-12 UEs and, in case HARQ-ACK transmissions from Rel-12 UEs are in response to respective EPDCCH detections, through the ARO field in the DL DCI formats to alleviate ECCE restrictions. 
For dynamic HARQ-ACK and Mode B operation for MPDCCH/PDSCH, it is preferable to transmit a respective PDSCH in all available RBs of a narrowband (NB). Then, as the largest number of NBs (16) is smaller than the PUCCH Format 1a capacity in one PRB (18 or 36), all PUCCH Format 1a transmissions with first repetition in the same subframe can be allocated resources in the same PRB. If all PDSCHs are scheduled by MPDCCHs using the maximum aggregation level of 24 ECCEs (or possibly including the second maximum aggregation level of 16 ECCEs), all respective HARQ-ACK transmissions will be associated with the same (first) ECCE index. Even if a 2-bit ARO is included in DCI Format M1B, it may not be possible to always avoid resource collisions as the PUCCH Format 1a resource will always need to be offset relative to the index of the first ECCE in each set of PRBs. Moreover, PUCCH Format 1a transmissions from UEs operating in Mode A and from UEs operating in Mode B should not be multiplexed in the same PRBs. It is therefore simpler to associate the PUCCH Format 1a resource with the NB used to transmit the MPDCCH (for SPS PDSCH release, if supported) or the PDSCH (for dynamically scheduled PDSCH). This also saves the overhead from including an ARO field in DCI format M1B.  

Proposal 1: A low cost UE configured to monitor DCI Format M1A determines a PUCCH Format 1a resource as a Rel-12 UE configured to monitor EPDCCH. A low cost UE configured to monitor DCI Format M1B determines a PUCCH Format 1a resource based on the narrowband of the last MPDCCH or PDSCH repetition.  
Since PUCCH Format 1a repetition numbers can be configured for up to 4 (or more) coverage enhancement levels, PUCCH Format 1a transmissions from UEs that experience received SINR differences exceeding ~4-5 dB should not be multiplexed in same PRB pair. Then, the PUCCH resource offsets for different numbers of PUCCH repetitions (e.g. as associated with the different numbers of RA preamble repetitions) can be in units of PRBs. This can provide some reduction (e.g. 20 bits) in the number of bits in SIBbis as 3 bits are needed for the PUCCH resource offset per mode while, for the same offsetting granularity as in Rel-12, 6 PRBs per NB, and 36 resources per PRB, 8 bits would be needed per PUCCH resource offset per mode. 
Proposal 2: The PUCCH Format 1a resource offset for each coverage mode is in units of PRBs.  

To avoid BW fragmentation, it is preferable to share a PRB pair, in different subframes, among PUCCH Format 1a transmissions corresponding to the two coverage modes. Given that MPDCCH/PDSCH transmissions are always with repetitions when a respective PUCCH Format 1a transmission is with repetitions and given that PUCCH Format 1a transmissions from all UEs having a same last subframe for respective PDSCH transmissions can be multiplexed in the same PRB, the same PRB should be used for the first repetition for PUCCH Format 1a transmission from all UEs receiving PDSCH in the same last subframe and transmitting PUCCH Format 1a with the same number of repetitions. 
Proposal 3: The same PRB is used for the first repetition of PUCCH Format 1a transmissions for the same coverage mode that are in response to respective PDSCH receptions in same last subframe.  
The PRB for the first repetition of a PUCCH Format 1a transmission is the one indicated by the coverage mode specific PUCCH resource offset for the respective NB. For a total of 
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 is used for FH. If the same PUCCH resource offset (PRB) is indicated for Mode A and Mode B, the NB for the first PUCCH Format 1a repetition for Mode B is 
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. It is assumed that the same FH granularity is used for both coverage modes (i.e. according to Mode A). This enables using the same PRB pair to TDM PUCCH Format 1a transmissions for the two coverage modes. It also enables using same PRB pairs to TDM repetitions of PDSCH transmissions with different repetition numbers.    

Proposal 4: If higher layer signaling indicates a narrowband with index 
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, for PUCCH Format 1a transmission, the two narrowbands for frequency hopping are the ones with indexes  
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Proposal 5: If higher layer signaling indicates a same PRB in a narrowband with index 
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, for PUCCH Format 1a transmission with mode A and with mode B, the first repetition for mode A is in narrowband 
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Therefore, a Rel-13 low cost UE determines a resource for PUCCH Format 1a transmission by determining: 

a) The NBs for frequency hopping from the NB signaled in SIBbis and from the total number of UL NBs. 

b) The PRB within the NBs based on a PRB offset signaled in SIBbis for the respective Mode A or Mode B. 

c) The resource within the PRB as determined for Mode A or Mode B.
d) The frequency hopping interval indicated in SIBbis for the respective Mode A or Mode B.
3 Information Content
For full HARQ-ACK information, an eNB receiver needs to detect DTX in addition to ACK or NACK (tri-state detection). This was not considered in past evaluations for the required number of PUCCH Format 1a repetitions for a given CE level and can result to a material increase (~2x for Mode B) in the required repetition number. In practice, setting by an eNB receiver a DTX threshold value to achieve a 1% ACK-to-NACK BER and a 0.1% NACK-to-ACK BER at approximately the same SINR is neither exact nor simple particularly for low SINR/RSRP values that cannot be accurately known to the eNB. 

Figure 1 presents the HARQ-ACK BER with and without DTX detection assuming PUCCH transmission in a same PRB over 4 successive subframes prior to PRB hopping. No frequency error and ideal SINR knowledge at the eNB were assumed. Therefore, the results can be seen as optimistic. For a DTX-to-ACK probability of ~0.2%, the SINRs for 1% ACK BER and for 0.1% NACK BER are roughly balanced while for a DTX-to-ACK probability of ~1%, the SINR for 1% ACK BER is about 1.5 dB larger than for 0.1% NACK BER. The additional SINR required with DTX detection is ~1.5 dB more than without DTX detection. For a UE with 20 dBm PA and 155.7dB MCL, the target PUCCH SINR is -19.3 dB and, with DTX detection, it is expected to require ~32 repetitions.
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Figure 1: ACK BER and NACK BER with DTX Detection and ACK/NACK BER without DTX detection.

In Rel-12, the main reason for a UE to provide NACK information is for the eNB to adjust the RV for a retransmission of a data TB. This is not needed for a Rel-13 low cost UE as data TBs are small and RV cycling is used for PDSCH in Mode B. By transmitting only ACK, the eNB receiver can treat NACK/DTX as a single state (already the case with PUCCH Format 3) and perform a 2-state, instead of a 3-state, detection by effectively considering only the DTX-to-ACK probability. Therefore, there is no reason for a UE to transmit NACK as doing so will degrade HARQ-ACK BER, increase UE power consumption, and generate additional interference. 

Proposal 6: At least in Mode B, a Rel-13 low cost UE reports only ACK by PUCCH Format 1a. 

4 Conclusions

This contribution considered resource determination and contents for PUCCH Format 1a transmission from Rel-13 low cost UEs. In particular, the following are proposed.
Proposal 1: A low cost UE configured to monitor DCI Format M1A determines a PUCCH Format 1a resource as a Rel-12 UE configured to monitor EPDCCH. A low cost UE configured to monitor DCI Format M1B determines a PUCCH Format 1a resource based on the narrowband of the last MPDCCH or PDSCH repetition.  

Proposal 2: The PUCCH Format 1a resource offset for each coverage mode is in units of PRBs.  

Proposal 3: The same PRB is used for the first repetition of PUCCH Format 1a transmissions for the same coverage mode that are in response to respective PDSCH receptions in same last subframe.  

Proposal 4: If higher layer signaling indicates a narrowband with index 
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Proposal 5: If higher layer signaling indicates a same PRB in a narrowband with index 
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, for PUCCH Format 1a transmission with mode A and with mode B, the first repetition for mode A is in narrowband 
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Proposal 6: At least in Mode B, a Rel-13 low cost UE reports only ACK by PUCCH Format 1a. 
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